Adsorption/desorption isotherms of acetone on highly oriented pyrolytic graphite have been measured by ellipsometry for temperatures above the bulk triple point. The behavior in the monolayer and submonolayer regime is conventional, with 2D gas-liquid and 2D liquid-solid coexistence regions. Further liquid monolayers grow on top of the completed monolayer. The growth is basically layer-bylayer. For temperatures between 190 K and the triple point a prewetting-type transition occurs with a thin-thick jump of the layer thickness on adsorption but a layer-wise removal of the film on desorption. In this temperature regime the first monolayer is solid and its molecules are oriented perpendicular to the substrate whereas the higher layers are orientationally disordered polar liquid. DOI: 10.1103/PhysRevLett.91.085502 PACS numbers: 68.08.Bc, 64.70.-p If a drop of liquid spreads on a substrate such that the contact angle between the liquid-vapor interface and the substrate vanishes, the liquid is said to wet the substrate. Wetting can be also studied in adsorption experiments where the thickness of the liquid film is measured as a function of the vapor pressure p. For complete wetting at liquid-vapor coexistence, the liquid film grows to a macroscopic thickness when approaching the saturated vapor pressure p 1 . For partial wetting the film remains microscopically thin [1] . If wetting is partial at the triple point T 3 , rather general arguments call for a transition to complete wetting at a temperature T w , T 3 < T w < T c , T c is the critical point of the fluid [2, 3] . The wetting behavior is controlled by the ratio and the range of the admoleculesubstrate interaction with respect to the interactions between the admolecules. For a wetting transition to appear, the substrate interaction must be sufficiently small. If the wetting transition at coexistence is of first order, a phase boundary can exist that lies entirely in the vapor phase, leaves the coexistence line tangentially, and terminates at a critical point T [15] ). The present study is on acetone CH 3 2 C --O adsorbed on graphite. The acetone molecule is, in contrast to examples cited, a polar nonspherical molecule, hence the orientational degrees-of-freedom of the molecule have to be considered. The graphite (001) surface comes close to an ideal atomically smooth substrate, on the other hand it is considered a strong substrate and is therefore not expected to support a true wetting transition with T w > T 3 . Indeed most molecules adsorbed on graphite [16] show triple-point-wetting [6] , that is multilayer growth and complete wetting in the liquid regime which then below T 3 is preempted by the growth of the bulk solid.
If a drop of liquid spreads on a substrate such that the contact angle between the liquid-vapor interface and the substrate vanishes, the liquid is said to wet the substrate. Wetting can be also studied in adsorption experiments where the thickness of the liquid film is measured as a function of the vapor pressure p. For complete wetting at liquid-vapor coexistence, the liquid film grows to a macroscopic thickness when approaching the saturated vapor pressure p 1 . For partial wetting the film remains microscopically thin [1] . If wetting is partial at the triple point T 3 , rather general arguments call for a transition to complete wetting at a temperature T w , T 3 < T w < T c , T c is the critical point of the fluid [2, 3] . The wetting behavior is controlled by the ratio and the range of the admoleculesubstrate interaction with respect to the interactions between the admolecules. For a wetting transition to appear, the substrate interaction must be sufficiently small. If the wetting transition at coexistence is of first order, a phase boundary can exist that lies entirely in the vapor phase, leaves the coexistence line tangentially, and terminates at a critical point T pw c , T pw c > T w . When this so-called prewetting line is crossed a jump of the adsorbed film from thick to thin occurs. Scenarios for wetting and multilayer adsorption have been worked out theoretically and cast into the form of vapor pressure p (or chemical potential )-T phase diagrams [4 -6] a long time before pertinent experimental results were available. The first experimental demonstration of prewetting was for 4 He on an evaporated Cs film [7, 8] . Other examples followed, most of them dealing with He and H 2 on alkali metals, but prewetting has been also observed for Hg on sapphire and metal substrates (H 2 on Rb [9, 10] , H 2 on Cs [11] , 4 He on Cs [7, 12] , 3 He on Cs [13] , He on Rb, K, Na [14] , and Hg on sapphire [15] ). The present study is on acetone CH 3 2 C --O adsorbed on graphite. The acetone molecule is, in contrast to examples cited, a polar nonspherical molecule, hence the orientational degrees-of-freedom of the molecule have to be considered. The graphite (001) surface comes close to an ideal atomically smooth substrate, on the other hand it is considered a strong substrate and is therefore not expected to support a true wetting transition with T w > T 3 . Indeed most molecules adsorbed on graphite [16] show triple-point-wetting [6] , that is multilayer growth and complete wetting in the liquid regime which then below T 3 is preempted by the growth of the bulk solid.
The results of our study are isotherms of the ellipsometric thickness t of the acetone film on the (001) surface of highly oriented pyrolytic graphite as function of the relative vapor pressure p=p 1 . p 1 is the saturated vapor pressure of the liquid. As will be seen, the isotherms on the liquid regime of acetone on graphite are of rather peculiar shape with adsorption-desorption hysteresis that will be interpreted in terms of prewetting behavior, even though the underlying first order wetting transition at liquid-vapor coexistence is masked by the bulk vaporsolid transition. The experimental setup has been described elsewhere [17] . Acetone has been purchased with a nominal purity of 99.9% (Uvasol, Merck KGaA) and has been subject to further purification by distillation. Before the measurement of an isotherm, the graphite surface has been cleaned by flashing with the pulses of a Nd:YAG laser. Isotherms have been recorded between 220 K and 174 K, T 3 178 K. The measurement of an isotherm on adsorption and desorption takes typically 2 h. For much slower rates the accumulation of gas impurities in the UHV system is a problem, in fast measurements the vapor is not in equilibrium with the physisorbed film. What is called ellipsometric thickness t is actually the difference of the ellipsometric angle between the film covered and the bare surface. is the phase shift between the electric field components of the light wave parallel to the plane of reflection and perpendicular to it. t measures a combination of the refractive index and the geometric thickness of the film (Fresnel's equation), or alternatively and more adequate for microscopically thin layers, of the coverage and the polarizibility of the admolecules [18] . For nonspherical molecules, the average orientation of the molecules, represented by the tensor, with the respect to the substrate matters. The two components of . Further details on the orientation, whether, e.g., the C --O bond of the latter case is perpendicular or parallel to the substrate cannot be resolved. Figure 1 shows an isotherm at 184 K. The isotherms consist of sections that are reversible and others that are hysteretic with respect to adsorption and desorption. The main interest is in the second hysteretic part at higher p that will be interpreted in terms of a prewetting transition. The initial part of the isotherm, p=p 1 < 0:6, is in agreement with the conventional -T phase diagram of a 2D van der Waals system, as observed, e.g., for Xe monolayer and submonolayers on graphite [20] . Starting with the 2D gas phase at very low p and t, the isotherm crosses the 2D gas-2D liquid coexistence region. This gives rise to the vertical section at p=p 1 0:02. At the upper boundary of the coexistence region, t is about 0:4 , suggesting that the 2D liquid is basically made up of molecules lying flat on the substrate. As p and thereby the 2D spreading pressure is increased further, the 2D liquid is compressed. The relatively strong increase of t in this regime suggests that the compression is accompanied by a change of orientation from parallel towards perpendicular. The steplike increase at p=p 1 0:29 and the hysteresis of this feature with respect to adsorption and desorption is most likely due to the liquid-solid transition of the monolayer film. The t value of the completed monolayer (0:71 ) compares favorably with the estimate of a tightly packed 2D solid of molecules oriented perpendicular. Such changes of the orientation have been observed for several nonspherical molecules physisorbed on graphite [21] . The further growth of the film, beyond the monolayer regime, occurs at vapor pressures significantly larger than for, e.g., Ar, Kr, Xe in corresponding ; p; T states [16, 17] . This suggests that the substrate potential acting on the higher layers is considerably weakened by the first monolayer of perpendicular molecules. Thus graphite plated with this monolayer has turned into a substrate of intermediate strength onto which the further layers condense.
The final reversible part of the isotherm is of the layerby-layer growth type. Referring to the numbering of the layers proposed in Fig. 1 , the layering pressures p n and the plateau values of t, t n , are introduced, as determined from the points of maximum and minimum slope of the isotherm. The layering pressures p n of the higher layers and the freezing and melting pressure of the first monolayer (as given by the upper and lower closure points of the first hysteresis loop) are marked in the -T phase diagram of Fig. 2 . The 0 line represents the bulk liquid and vapor pressures are converted into differences with respect to this state via k B T lnp=p 1 . The higher layering lines of this diagram are about horizontal, indicating that these layers are liquid. Since the monolayer steps of the multilayer regime are not exactly vertical and more significantly since they do not show hysteresis on adsorption and desorption, the critical end points T c n of the layering lines n 4 and therefore also the roughening point T R must be below 184 K, presumably even below T 3 . 
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The layers n 4 to 7 have layer thicknesses t n t n ÿ t nÿ1 of 0:49 0:01 . This value agrees with an estimate based on the isotropic average of the polarizibility and the area density of a monolayer of orientationally disordered, e.g., freely rotating molecules.
The second hysteresis loop can be detected below 190 K and grows both in width and height for lower T (Fig. 3) . The pressures of the upper and lower point of closure are included in the phase diagram. On adsorption a thin-thick transition is observed that emerges out of a tiny hysteresis loop of the second layer at 190 K and extends over about 6 ML equivalents at 176 K (Fig. 3) . These observations are consistent with the prewetting scenario, the critical end point of the prewetting line being located at T pw c 190 K as marked in Fig. 2 , and the wetting transition on the extrapolated vapor-liquid coexistence line at a temperature well below T 3 , where it is inaccessible to an experiment carried out under equilibrium conditions because of bulk sublimation. Such a behavior has been anticipated in Fig. 2(b) of Ref. [6] . Upon desorption stepwise delayering is observed. The hysteresis as such is by no means surprising but rather expected, since crossing the prewetting line is a transition of first order. (Prewetting hysteresis has been observed for He on Cs [8] .) Remarkable, however, is the different shape of the two branches of prewetting hysteresis.
For n 3, the delayering pressures roughly follow a Frenkel-Halsey-Hill (FHH) sequence (see, e.g., Ref. [16] ) and the step heights t n are constant, independent of whether this data refers to the reversible multilayer part of the isotherms or to the desorption branch of the prewetting hysteresis. However, the layer n 2 that is the last layer the desorption of which reduces the film to just one (solid) monolayer is anomalous: p 2 is larger than expected from an extrapolation of the FHH sequence down to n 2 and, more importantly, t 2 is smaller than the thickness of the other layers, t 2 0:32. This suggests that this layer is less dense and/or that the molecules forming this layer lie flat on the substrate.
The experiments have been extended to temperatures below T 3 and vapor pressures larger than the sublimation pressure p solid 1 T of the bulk solid. Some data on the thinthick transition and the delayering pressures slightly below T 3 could indeed be obtained. The results are included in Fig. 2 . The lifetime of such unstable states decreases with increasing supersaturation with respect to p solid 1 such that a further approach of the expected wetting transition at p 1 T w was not possible. We also tried to fit a power law pw T ÿ T w 3=2 (see, e.g., Ref. [6] ) to the data in order to get an estimate of T w . Assuming pw to be given by the chemical potential of the centers of gravity of the hysteresis loops, one arrives at a value of 170 K.
The hysteresis loop of the prewetting transition has been investigated with rates of vapor pressure increase and decrease which differ by a factor of 40 in total, with no effect on the size and shape of the loop. At 184 K a series of partial loops has been recorded for which adsorption/desorption has been reversed before closing the major loop. Some examples are shown in Fig. 4 . Trace A starts from a state where about half of the layer n 2 has been removed by desorption. On subsequent adsorption this layer is not completed immediately but its thickness increases quite gradually with increasing p. Eventually a steplike increase of t occurs at about the delayering pressure p 3 of the monolayer n 3 of the desorption branch of the major loop and the rest of the partial loop coincides with the major loop. Trace B starts before the thin-thick transition of the adsorption branch has been completed. On desorption there is again a downward step at about p 3 . Thus the partial loops reproduce the delayering pressure p 3 of the major loop but the plateau thickness t 3 depends on the adsorption/desorption history. Since it is hard to imagine how a whole monolayer can adsorb and desorb out of a state consisting of a partly filled top layer, this can only mean that the different values of t 3 reflect hysteretic changes not only of the coverage but also of the orientation of the molecules, from flat to disordered, in the layers n 2 and n 3. This could mean that the thin-thick transition of the adsorption branch of the major loop results from an onset of adsorption of the second and higher layers delayed with respect to a FHH-type multilayer growth, because the first molecules on the substrate plated with a monolayer of perpendicular molecules adsorb initially with a ''wrong'' orientation, namely, flat rather than orientationally disordered liquidlike. On heating, the hysteresis loops of monolayer melting and prewetting disappear simultaneously at about 190 K. Thus the prewetting transition relies on the first monolayer to be solid. This fact is also apparent in the -T phase diagram. The freezing-melting (1S-1L) coexistence region of the first monolayer meets the prewetting line at the critical point T pw c . A somewhat related effect has been observed for He on Rb and K [14] where the prewetting critical point is on the normalfluid-superfluid transition line of the He film. For He the prewetting is coupled to a phase transition of the adsorbed film. For the present case it is perhaps more appropriate to think of a coupling to a transition of the effective substrate.
The combination of ellipsometry, a highly oriented graphite substrate, and cleaning by laser flashing in an UHV-system enabled us to measure multilayer adsorption isotherms with high resolution. With this technique a case study of multilayer growth and wetting of a polar fluid has been performed. The results give evidence for prewetting behavior. In contrast to previous studies of this phenomenon not only a thin-thick transition has been observed but the relation of prewetting and monolayer-wise growth could be documented. The fact that on desorption the thin-thick transition of the prewetting scenario splits into monolayer steps is a novel feature, beyond that which has been predicted by theory. Whether this is a peculiarity of acetone on graphite or is more generally true of polar molecules, connected with hysteretic changes of the orientation of the molecules, has to be answered by further efforts in experiment and theory.
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